Context: Noninvasive diagnostic methods and palpatory physical examination skills are especially important for osteopathic medical students intending to work in rural, underresourced, or underserved areas. The A.T. Still University-Kirksville College of Osteopathic Medicine integrates ultrasonography into the osteopathic manipulative medicine (OMM) courses required during the first 2 years of medical school, allowing students to learn the technology and to visualize anatomical structures and regions.
Previous studies 5, 6 have suggested that medical students can obtain a resident-level understanding of ultrasonography provided that they are given the proper means and methods of training.
Considering its cost-effective nature, portability, safety for patients, and wide range of clinical applications, ultrasonography is an ideal teaching tool for medical students. 7 The broad applicability of ultrasonography makes it an ideal modality to improve the quality of care delivered in resource-limited rural clinics and emergency departments, where it can add critical information to patients' history and physical examination findings, improve diagnostic accuracy and efficiency, and assist in safer, more effective procedures. 8 Because osteopathic medical curricula emphasize the musculoskeletal system, ultrasonography can be an important tool for students to visualize musculoskeletal landmarks using live imaging. Therefore, the purpose of the current study was to assess the feasibility of integrating ultrasonography into the first-year and secondyear OMM curriculum through the evaluation of student success in mastering the technology and visualizing the anatomy. plete each assignment. During this time, they were required to identify target structures; acquire the images, which they labeled and saved on an external memory card; and record the demographic data of the student being scanned, including his or her initials, sex, age, and body mass index. Students then submitted the images electronically through a learning management system.
Grading criteria included proper labeling of the structures of interest, proper measurements (if applicable), and demographic information obtained.
First-Year Students
The assignments for first-year students included scanning the cranial and cervical structures and the thoracic, lumbar, and sacral regions ( Table 1) 
Results
First-year osteopathic medical students were successful in completing all of their ultrasonography assignments, with an average completion rate of 98% (Table 3) Second-year osteopathic medical students were also successful in completing all of their ultrasonography assignments, with an average completion rate of 98% (Table 3) . Of the 165 second-year participants, 162 (98%) completed both the glenohumeral joint assignment and the suprapatellar recess assignment successfully.
The current study demonstrated successful ultrasonography education and assessment of osteopathic medical students and therefore the appropriateness of integrating ultrasonography into the first-year and second-year OMM curriculum. Sonographic training for medical students has been proven to provide useful foundational knowledge for their future medical practice. 9 For example, previous studies have suggested that ultrasonography could be a useful adjunct to the examination of the poste-
Discussion
The osteopathic medical paradigm requires physicians to manage all stages of disease and to enhance patients' quality of life by addressing anatomical, physiologic, and psychospiritual problems before they become detrimental to patients' health. As part of osteopathic medical education, therefore, experience in ultrasonography, which allows students to explore anatomical structures and organ systems in real time, is a valuable complement to the curriculum. The integration of ultrasonography into OMM courses seemed to provide the students in the current study with a better understanding of anatomy and may have created a foundation for learning ultrasoundguided injection techniques. Further, the incorporation of measurements, labeling, and obtaining demographic data into each assignment required students to use physician data-management behaviors and to maintain the integrity of patient data.
Novice students often have difficulty palpating the bony landmarks and anatomical structures that are necessary to form a diagnosis of somatic dysfunction. 13 The ultrasonography assignments described in the current study were designed to reinforce the understanding of landmark anatomy and integrate another set of kinetic skills. Training with ultrasound imaging seems to be a unique, noninvasive, safe tool The feasibility of ultrasound needle guidance has been confirmed in a number of studies. 11, 12, [15] [16] [17] [18] [19] In the current study, the glenohumeral joint and suprapa- Ultrasonography offers an effective evaluation of the presence of asymmetry of anatomical landmarks, which is one of the characteristics of somatic dysfunction. 14 To date, minimal research has been conducted on methods of assessing bilateral asymmetry using imaging, and a lack of consistency in the assessment methods that have been studied limits reliability comparisons. Ultrasonography can help fill in this gap.
Ultrasound images and measurements taken by students may validate their psychomotor processing. In the current study, visualization of such landmarks as the sacrum using ultrasonography allowed students to appreciate unique age, sex, and body habitus differences in the appearance of these landmarks. By including assignments with an increased level of difficulty and higher expectations in the OMM curriculum, students seemed able to advance their skill set from the fundamental level of image acquisition to the measurement and discernment of clinically relevant 
Limitations
The current study was conducted at a single institution and no control group was studied. Both limitations were nearly impossible to avoid at the time the study was conducted because to our knowledge, few osteopathic medical schools have integrated ultrasonography into their curricula. Further, the designation of a control group was problematic because the exercise was required for the whole class. In the future, we will look into designing pre-and posttests to assess the effect of the ultrasonography training on the development of palpatory skills.
Conclusion
The integration of ultrasonography into the OMM curriculum as a supplement to OMM teaching can only strengthen students' skill sets and competency as they 
Author Contributions
Both authors provided substantial contributions to conception and design, acquisition of data, or analysis and interpretation of data; both authors drafted the article or revised it critically for important intellectual content; both authors gave final approval of the version of the article to be published; and both authors agree to be accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any part of the work are appropriately investigated and resolved.
foundation for students to successfully interpret living human anatomy. 20 When viewing the resulting images, students can learn muscle fiber orientation, relative density and firmness of muscle and connective tissue elements, compressibility and extensibility, motion characteristics of living tissues, and continuity and attachments of various structures.
Further, measuring the depths of structures with ultrasonography provides feedback to the students about the accuracy of their perceived distances between these anatomical features.
Despite ample directions, demonstration, and resources available through our learning management system, a number of students found the scans to be challenging. These challenges can be attributed to students being unfamiliar with ultrasound devices, having little or no experience with ultrasound techniques, and having limited time. Some students had difficulty when scanning partners with a body mass index greater than 30. In those cases, the student was typically asked to scan another student. In the future, we anticipate increasing the scheduled time for image acquisition.
The current study provided a necessary foundation for future research on the validation of palpatory techniques using ultrasonography. One of the possible directions for future research is the ultrasonographic assessment of anatomical structures before and after manipulation to identify any tissue changes, including vascular and lymphatic flow, and the appearance and density of the muscles and fasciae. Another direction for research is the effect of ultrasonography training on the development of palpatory diagnostic skills, which can be evaluated by comparing diagnostic accuracy between a control group (no ultrasonography training) and study group (after ultrasonography training) or by having students take a test on palpatory skills before and after ultrasonography training. Also, to expand on the current study, assignments could be created for the many anatomical areas that were not studied. 
